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By Neal Tetervin

SUMHARY.

.Adrfall .sectiaons that have amall, or seroc piteching-
moment ‘coefficients .and high lift-draeg ratios have been
developad.and teated; With sections having pitching-
moment. .coefficlients close to zero. maxigpum sectlion 1ift-
drag ratlios that were 'almost twice as.great as theose which
have been attained on asectlions of the NACA 230-gerles air-
foills were attained in the Reynolds number range from
1.7 X 10° to -3.2.x 10®°. Such.characteristics arg desir-
able for rotor-blade sections, -but the new sectlions have
the digadvantage that .they 'are unduly.sensitive to rough-
ness. - The actlon of forces cdused by the rotation of the
blades - on the partly atalled regions over the rear portion
of the airfoils ‘in the rough condition 1g not well under-
stoad, -but 1t ‘is baliteved that the :action may . be beneficial.
It 18 felt desirable that gsome:of the new sections be teasted
in-a full-scale rotor.

. ==

INTRODUCTION

Two of the most 1lmportant characterlstice of airfolil
sections designed fdr-.ude onh rotor hlades are low-proflle-
drag coefficlents in the useful range of 1ift coefficients
eand practically zero pitching moment about the aerodynamic
tonter. The.purpose of the prespnt lnvestlgation was to
dévelop.airfoile with zero pitching -moment- that, at high
1ift coefficients, had profile-drag -cpeffigients _no .larger
than ‘thosa usually ‘obteined with low-drag, airfolils a?_low
14ft coefficients. The.maximum lift-drag ratio: (c;/cd)pmax
was used as-a eriterion.of.the airfoils. ~The use of
(cL/cd)ﬁai- as-a c¢riterion.favors the airfoll that can -
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maintain low dreg a3 _RIEh LITE cvefficients over the air-
foll that has egqual or poggsibly lover drags at smeller

11ft coefficlents. This criterion, in effect, places most
importancs  bh. the rediictlon of. roior profile power iz the
hovering range and at low forward speeds. As the forward
speed increases;, The airfolls.operalte vver & much wider
range of 1lift coefficients; and, -although low profile

drags are atill .desirmble, the simple.criterion (cllcd)max

in 1tself no longer provides sufficient basis for choice
of an ailrfoil. .

Of the conventional alrfoil sections previously devel-
oped by the NACA, the NACA 230 series gave the highest 1lift-
drag ratios with small pitching moments. It seemed likely
that lift~drag ratios higher than obtained with the NACA
230-series a@irfolles could be attained, while sero pitching
moment: was *maintained, by deslgning the airfoils to keep
extenaive Jamihar boundary layers in the &euign range of
I1f¢ coefflcients. A perids of sectivns wers- accordingly
designed and teated in an atf{empt to obtain the highest
1ift~drag ratlos with gero pltching’ moment.

. Two_groups of new-airTolls and one‘member of the NACA
230 serles were teated. The fitret-group of new airfoils
conplated of & low-draeg airfoil and modifications of 1t.
Phe ériglnal airfo6il of +this group had = high 1lift-drag
ratio but-a- pitching-momenﬁ £o00 large for use on rotor
bladés Several modifications of the tail portion of this
airfoil were'made in"an atfempt to reduce the pitching
moment and, at the same time, to maintain 1ift-drag ratios
as high as possible. The second group included two low-
drag airfoils that differed only in the amount of camber.
The NACA 23015 mirfoill section was tested at the same
Reynolds number as the newly developed sections and the
data are included for comparison.

APPARATUS  AND METHOD

The tests of fthe new airfoils were made in the NACA
two-dimensional low-turbulence tuihnel, hereinafter desig-
nated NACA LTT. Thig tunnel has a test section of the-
same dimensions as the test stction of the NACA two--
diménsiondl low-turbulence pressure tunnel, hereindfter
designated NACA TDBT, which is deseribed in reference 1,
but vperates only st atméspHeric pressure. The 1ift and
drag of a model are obtained by the same method as in the
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¥ACA- TDT: ¢reference-1):" -The pressure.dlgtributions on. the
mbdsls-were obtained by using. a small-.sthticrpresdsure-tube
that couldi be-plmced at. the.desired position:on the airfoil
_snrfacqtz~1hg_p;tchlng moiment.n-wére.measured in-the " NACA
ITT: - by -so mounting:the:mpdeéla:.that. they were freé €to pivot
+4n &' ball. bearing -located.in. ohs. wall 6f the  tunnel.and .
réstrained. through.the 6ther:w#all. by a torque arm-consiat—
- ingieof a callbrated btesl:rod awting jin torsion. .In. order
to allow the model to pivot.on the torqup arm, 1t was. neces~
pary to. leave amal i &80 Between the’ moaP1 ends and the.
thnnel ‘wailae,. . Tha offects of theae’ end gaps oh the meas-
ured.lift and drag werse. eiiminatpd by retesting the models
'sealed to the wallg.’ Tha 11ff and dreg.data presentad:were
obtained with the models sealed to the tunhel walla for all
models except the NACA 2-H-15 airfoil section. The data
for this model were believed.to be sufficiently reliamble
as obtained to make a epecial test unhecessary. The effect
of the end gaps on the pitching moments 1s belleved to de
small especially because, throughout their useful range,
the airfoils had pitciing moments- that were practically
constant. All the data have been corrected for the finite
size of the test eection.

The' NACA 23015 airfoil sectlon was tested in the
NACA TDT. The methods of obtalning lift and drag are ex-
plained in reference 1. In order téo- obtain pitching-
moment. data, a torque arm fastened, to the model ia used.
The torque arm ubsed in the XNACA TDT 16 much etiffer than
the torque arm used in the NACA LTT and, - in addition,
the torque arm in the ¥NACA TDT incorporates 2 damping
device.

The method of constructing end finlahing the models
ls explained 1in reference l. ' Two groups of new airfoils,
in¢cluding the models designated NACA 1-3—15 - NACA, 2-H-15,
WACK 3-H-13.5, NACA 4-E-12.4, NWACA 5-B-18)" and NACA 6~H~15
and one member of the NACA 230 seriles, .the NACA’ 23015, were
tested. The designations of the mewly developed airfoils
are .conslidered temporary pending the development of a more
descriptive system of deslgnation. The firat number is
merely a serial number to Identify the airfoill. The H
means that the airfoils were developed for use on rotating-
wing alrcrpft. The lapt .two numbers give the thickneses
ratio of the airfoll t/c ' in percentage 'of the ‘chord.

In figure 1 are preoentea_plbts of the airfotiu and
in table I, the ordinates for the ‘airfoil " sectiona. 'The
BACA 1-B-1D airfoil was the originaI low-drag secti'on used
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in the derivation of the WACA 2-H-15, NACA 3-F-13.6, and
WACA 4-H-12.4 airfoll sections.- TIi order to rednce the
pitching moment, the tail ¥ras swept up resulting in thé
NAQA 2-H+15 airfoll section. Thé pitching moment was
satill high. A tall extenslion was thereforw a2dded and the
upsweep at the tail was slightly changed revsulting in the
NACA 3-H-13.5 airfoil section. Finally.' in an effort to
increase (c-,,/ca_)max the upsweep at the tail was removed

and a longer tall extension was used resulting in tke

NACA 4-H~12.4 airfoill section. The SACA 5-H-16 and 6-H-15
airfolls have the same thigkness dietribution and the same
type of mean line but the NACA 6-H-16 has 35 percent mare-
camber than the NACA 5~H-15 airfoil.

PRESENTATION OF RESULTS

PHe results 'of the testa are presented .in figures 2
to 22. A lift-drag polar is given for each airfoil. Sec-
tion 1ift coefficilent c¢; and section pitching-moment .

coefficient about the aerodynamic center Cmy . e are

plotted agalnst the section angle of =mttack a, A pressure-

g
distribution curve of (&L> agalnat z/c 1s given for
o

each orf the new airfoils at approximatsly the ‘design angle-
2
of attack: (&£> is the: agquare of the ratio of the local
)

veloclty over the airfoil surface to the undisturbed veloc-
ity of the stream; x/¢ defines the mosition alpng the
airfoll chord and varles frox gero at the nosé to unlty at
the' tall. In figure 22 is presented a lift-drag polar for
the NACA 5-H-15 airfoll section with the nose roughéred.
The characteristics of the verious airfoil sec¢tlians are
sunmarised in tadble II.

DISCUSSION

The relative importapce of various desirable airfoil
characleristics depends in large measure on the requirements
of the particular design. It appears necessary, however,
that any section to be uged on rotating-wing aircraft have
gero, or at least very small, pitching moment. Low- profile
drags are desirable tutv the profile drag cannot always be




feduced in one range of 1lift coefficlents without increas—
ing the profile drag in another range. The particular
range of 1lift coefficlents in which low profile drags are
- =mowt impertant.depends on the requirements of the spécific
design. High values aof (°L/°d)ma é4re particularly der

sirable for hellcopters in the hovering condition and at
low forward speedas. The slgniflcance of this criterion in
iteelf decreases s the forward speed of the aire¢raft in-
creades because the range of angles of attaqk through which
the blade asaection operates indreases. Theé 1mportancq of
high eritical Mach numbers incremses as the fqrward apeed
of rotating-wing aircraft inereases. The importarice 6f
high maximum 1ift coefficlents aleo increases with the
forward speed of the alrcraft,

In designing the airfoil sections, most emphasias was
put on obtaining high lift-drag ratlos with szero pitching
moments. Sectlons that had high lIlft-drag ratlos also had
low profile-drag coefficlents and relatively high critical
Mach numbers at fairly high 1Iift coefflclents. The emphasls
on serodynamic requirements produced airfoils that had con-
cave curvature at the rear upper surface. Although to some
ugers of the alrfolils the concayve curvature may appear
undesirable from conastructional considerations, the present
methods of construction may posglbly be so .modifled that
full advantage may be taken of the aerodynamic character-
1stlcs of the airfolls wilthout pqyfng too high a price in
welght or difficulty of constructlon.

Some of the new airfoils have pitching moments prac-
tically equal to zero throughout the useful range of 1lift
coefflicients. It is difficult, however, to combine zero
pitching moment with the high desgign 1ift coefficienta
necessary for high lift-drag ratios hecause, for =zéro
pitching moment, the forward portfon of the airfoil carries
more 1ift at & given 1ift coefficient than it would if
there ware no down load at the rear of the alrfoil. The
boundary Iayer over the upper surface -of a zero-moment
airfoll 1s thus closer to separation at a given 11ft coef-~
ficient than 1s usual for a cambered airfoll with the 11ift
spread more evenly over the chord. In additiosm, bécauae
the 1ift 1s unevenly distributed over the chord, the érit-
i¢al Mach number at the desligd 11ft coefficient iq lower

. for thé new airfolls than it wéuld be if some pitching
moment were permitted.

.Over falrly large ranges of the lift coefficlent, the
new airfoils, in their smooth condition, hiéve drags that




are.-appreciably lower than the drage obtained with the best
of the previously developed NACA conventional airfoil sec—
tions. having a .-surface finished in. the same manner as the
low~drag sectlions. Lift-drag ratios almoast twice as large
aq 'can ‘be.obtained in the same Reynolds number range with
the best of the previously developed conventional airfoil
sections ’have been obtained with the new low-~drag sections.
Outeide this low-drag range, however, the new airfoils

have higher drage than conventional airfoll sections.

The critical Mach numbers of the new airfoils, given
In table II, have been estimated from the preasure distri-
butions given 1n the .figures. Within and above the. low-
drag range, the critical ¥ach numbers of the airfoils. will
decrease with increase of 1ift coefficient. If the 1ift
coefficlent 1s decreased much below the value at the low-
1ift end of the low-drag range, a peak that will causs a
réductlon 1n the critical Mach number will ogcur in the
pressure distribution at the nose of the airfoil on the.
lower surface. The new airfoils, which have the lift more
evenly digtridbuted over the chord than the NACA 230 or
symmetricael series airfoils, may be expscted to have higher
criticel Mach numbers for a given 1ift coefficient because
of the absence of local peaks in the pressure distribution.

The maximum 1ift coefficients of the new airfoils are
lower than those obtained in the same Reynolds number
range with the NACA 23015 airfoil and slightly lqwer than
those obtalned with the KACA 0012 airfoill. TUnpublished
test results of the NACA 0012 airfoll in the NACA LTT at
a Reynolds niumber of 2.5 X 10° ghow a maximum 1ift coef-
ficlent of 1.36.

In order to duplicate the low drags obtained in the
wind tunnel, the airfoils muet be failr and must have the
same surface finish in reglions of increaslng veloclty as
the wind-tunnel models had. The regions of increasing
velocity are shown in the pressure distributions given in
the figurea. Any surface imperfection, such as specks or
waves, that can be felt by hand in the reglion of increas—
ing velocity ia probably large enough ta cause transition
from laminar to turbulent flow ahead of the position of
maximum veloclty and thus to cause & rise in drag. A
more complete discussion of surface conditions necessary
for laninar flow is given in reference 1. The drag that
can be expected from the new airfoils when the surface at
the nose is very rough is shown 1in figure 22. This filg-
ure containg the results of a tegst of the NACA 5-H-15 )
airfoll section with the leading edge of the airfoil



covered. with a strip of carborundum-covered cellulose
"Scotch" tape 2 inches wide that was wrapped around the
leading edge. A comparable test of .the NACA 23015 fqirfoll

~"HE&8 not been made; a-teast reported in reference 2 of the

FACA 23021. airfoil with the leading edge rough, however,
shows this alrfoll to be less sensitlve to roughness than
the low-drag sections presented in the:present report.

The NACA 23021 airfoil, because of: 1te greater thickness,
is probadly more. sensitive.to ‘roughness than .the NACA 23015
alrfoll.

Arother indication of the genglitivitiy of the low~drag
alrfolls to roughness 1a given by the value that .the drag
on the smooth airfoll reaches Just outside the high-1ift
end of the law-drag range. A .sudden rige In drag to large
values indicates sudden separation of the flow at the rear
of the airfoil. This sudden separation vecurs because, at
the end of the low-drag range, the boundary .layer over the
forward portion of the airfoil changes from a thin laminar

* boundary layer to a relatively thick turbulent boundary

layer. TWith the change to a turbulent boundary layer over
the forward portlon of the upper surface, the boundary
layer at the rear portion cannot overcome the pressure rise
occurring on these sectlions (reference .2).

The flgures show that the pltchling-moment curves for
the low—~drag airfoils departed from straight lines in the
region at the high-l1ift end of the low-drag range.

Pitching oscillations with amplitudes of about 2° and
a frequency of about @ cycles per .second were observed at
the high~1lift end of the low-drag range for the NAOA 2-H-15,
NACA 4-H-13.5,. NACA 4-H-12.4, and HACA 6~H~15 airfoil sec-
tionse, which were tested on the .relatively flexible torque
rod used 1in the - ‘WACA LTT. No.oascillations were observed
for the "‘NACA H-BE-~15:airfoill under the game test conditions.
In addition to the oscillations at the .high~11ft end of the

-low-drag 1range, the NACA . 6-E-156 airfoll underwent.a audden

and violent oscillation at an angle of attack -of ~9.39,

The NACA 1-E-156 airfoll sectlion was tested in the NACA LTT
on a rigld moment. balance that had a stiffness in torsion
mach greater than the torque arm. No .ocaclllations were

.noticed during the test of this ailrfoll. The NAOA 23015

airfoll section.wag tested -on the relatively stliff torque

.arm with which the ¥ACA TDT 1g fitted. From the charac-

ter of the 1ift, drag, - and pitching-moment curves ohtained
for the NACA 230156 -airfoil gection, no oscillations are to
be expected with this ailrfoil.- The oscillations observed
for some of the sections are bellieved to be caused by the




rapid change, &t the high-1ift end of the low-drag range,
from the .unseparated to the separated type of flow at the
tail of the airfoils. The oscillations stopped as soqn

as the angle of attack wag definitely outside the range

in which .a small change in angle of attack would cause the
flow to change from one type to the other. Although oscil-
1ations of any type are undesirable, it 1s believed that
the characteriatics of the torque arm allowed the airfolls
to osoillate for a change in pitching moment which would
have been insufficlent to cause noticeable oscillatioils on
a stiffer torque arm. The etiffness constant for the torque
arm had- gn average value of 4 foot-pounds per degree de-
flection.

. . .When airfolla mre used. as rotor blades, the conditilons
under which -they operate will be different from the teat
conditions in the wind tunnel. Tor.all.conditions of
flight, the boundary layers on the blades will be subject’
to strong centrifugal and aerodynamic préssure gradients
and in addition, feor conditions of forward flight, the angle
of attack, angle of yaw, and veloclty.will vary rapidly. It
1s posaible that the-spanwise pressure gradients may ad-
versely affect the laminar boundary layer and thus the low-
drag qualities of the airfoils. The effeect of yawed flow
may be similar to the effect of the spanwise pressaure
gradients. The.action of the spanwise pressure gradients

on the separated region at the rear of.the.airfoils, which
is present when the drags of the airfolls are high, is
likely to be beneficial. The forces actlng along the span
of tha blades will tend to make the separated flow run out
along the blade span, end-the. Coriolis forces will tend to
sweep the peparated flow off the trailing edge. The rapidly
changing angle of.attack in forward flight may not provide
sufficient time for the boundary layers to build up to the
steady values assoclated with the .section characteristice
obtained from the wind-tunnel tests. ‘Ian.forward flight,
the effect of the rapid changes in velocity over the sec-
tions of the blades may be similar to the effect of "the
rapidly .changing angles of attack.

It 18 recomrended that a rotor ueing low~drag sections
be dpuilt and tested full scale. Such a tedgt would- gerve
to indicate whether the sum of all possible differeances
between the wind-tunnel test conditions sand the retor con-
ditions would be sufficient to.affect noticeably the rotor
characteristics. 'Tests of rotoras that have ‘different sec-
tiones would mlso serve to indicate the extent te which
gsection characteristics affect rotor characteristlcs.
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CONCLUDING REMARKS

Wew -airfoil sectlons that have small or zero pitelhing-
moment coefficients and n1gh lift~drag ratios have been
developed and tested. With sections having pitching-moment
coefficients close to zero, maximum section lift-drag
ratios that were almost twice as great as .those which have
been attained on sections of the NACA 230-series airfoils
were attalned in the Reynolds number range from 1,7 X 106
to 3.2 x 10° The new airfoil sections, because of their
small pltchlng moments and low profile-drag coefficients
at moderate 1lift coefficients, may be suitable for use on
the rotor blades of rotating-wing aircraft. It is desir-
able, however, that some of thege sections be tested on
a full-scale rotor to observe their characteristics iun
actual rotor use and to determing whether certain undesir-
able characteristics, such as sengitivity to surface rough-
ness and change in pitching moment, which were noticea in
the tunnel, have a serious effect when the sections are
applied to rotor blades.

Langley WMemorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics.,
Langley Field, Va.

REFERENCES

l. Jacobs, Eastman N., Abbott, Ira H., and Davidson, Milton:
Prelimlnary Low-Drag-Airfoil and Flap Data from Tests
at Large Reynolds Numbers and Low Turbulence. NACA
A.C.R., March 1942.

2. Jacobs, Eastman N., Abbott, Ira H., and Davidson, lilton:
.Investigation of Extreme Leading-Edge Roughness on
Thick Low-Drag Airfoilg to Indicate Those Critical to
Separation. NACA C. B., June 1942.




10

TABLE I

AIRFOIL~SECTION ORDINATES

[Stations and ordinates in percent of airfoil chord]

NACA 1-H-15

NACA 2-5-15

Upper surface

Lower surface

Upper surface

Lower surface

Station {Ordinate|Ststion |Ordinate Station |Ordinate|Station |Ordinate
~0.087 | 1.448 | -0.077 | -0.0u2 ~0.087 1,448 | <0,077 | =0,042
o5 24232 5 ~eb55 .5 24232 | 5 -.£55
75 2.ugg 75 -+739 .75 2.1488 75 -a739
245 3.813 | 2.5 ~%e121 2.5 3.813 2.5 ~1.121
5.0 5177 5.0 ~1,304 5.0 5.177 5.0 ~1.304
75 6305 7+5 -1.367 75 6.305 1 7.5 ~1.367
10 7.276 | 10 ~1.400 10 7.276 1 10 --1.400
15 8,916 | 15 ~1,437 15 8.916 | 15 ~1.437
20 10.267 |-20 ~l.453 20 10.267 | 20 ~1.453
25 11.363 | 25 ~1.458 25 11.363 | 25 ~1.1458
30 12,217 | 30 ~1.1483 30 12.217 | 30 -1,483
35 12.831 | 35 ~1.517 35 12.831 | 35 ~1.517
Lo 13.166 | 40O ~1.565 40 13.166 | Lo ~1.565
L5 13.243 | U5 ~1.620 45 13.243 | 45 ~1,620
50 13.017 | 50 -1.679 50 13,017 | 50 ~1.679
55 12.428 | 55 ~I.721 55 12,428 | 55 ~1.721
60 11.459 | 60 ~1.754 60 11.459 | 60 =1.754
6% 10.073 | 65 =1.766 65 10,073 | 65 ~1.766
70 g.272 | 70 ~1.761 70 g8.340 1 70 ~1,660
75 6.151 | 75 C=1.717 75 6.420 | 75 =1.470
80 3.987 | 80 ~1.614 80 4,650 | .80 -1.160
85 2,031 | 85 ~1.460 g5 3.230 | 85 - 710
90 538 | 90 «1.200 0 2.370 | 90 -, 090
95 ~-261 | 95 « 797 5 1.870 ] 95 »730
100 0 100 o 1 |100 1,750 |100 1.750
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TABLE I

. AIRPOIL-SEGTION ORDINATES ~ Continued.

11

NACA- 3=H=13.5

NACA “M-H-12.4

Upper surface

Lower surface

Upper surface -|

‘Lower surface

-Station {Ordinate|Station |Ordinatel
~0.075 1,316 | ~0,070 | -0.038
C o Wush 2.029 L84 | e 595
I .682 2.262 682 1 --.672
1.136 2.665 1,136 | =806
2273 3,866 24273 | ~1.019
X546 4,706 4,5L6 | 1,185
- 6.818 5732 64818 | ~1.243
1 .9.091 6.615 9.091 | =l.273
. 13.636 8.105 | 13.636 | ~1.306
. 18,182 9.334 | 18,182 | -1.321
"27.273 | 11.106 | 27.273 | ~1.348
. 31.818 | 11.664 | 31.818 | ~1.379
364364 | 11,969 | 36.364 | ~l.423
49,909 | 12.039 | 40,909 | -1.473
U5 454 | 11,834 | WS sk | ~1.526
50,000 | 11.298 | 50.000 | ~1.565
SHHU6 | 10417 | BUSH6 | <1.595
" 59.091 9.157 | 59.091 | ~1.605
634636 7.727 | 63,636 | ~1.601
- 684182 6.309 - 68,182 | -1.561
72727 L W.955 o 72.727 | -L,u467
17273 2.782 | 774273 | ~1.264
81,818 2.873 | 81.818 | =499
UBBw36U | 2,282 | 864364 | =.56L
90.909 | -1.873 | 904909 | ©
9545k | 1,655 | 95.L5h .718
1,00.000 1.591 |100,000 1.591

Station |Ordinate|Station {Ordinate
~0.,072 1.207 | =0.064% | ~0,035
oH17 1.860 Ty ~5U6
625 | 2,073 .625 -,616
1.042 2.442 1.04%2 ~-739
2,083 3,178 2.083 -~ 93U
u.167‘ R b.167 | ~1.087
63250 5.25% 6.250 | ~1.139
8.333 6.063 8.333 | ~1.167
12,500 T.430 | 12,500 | ~1.198
16,667 8,556 | 16.667 | =l.211
20.833 9.469 | 20.833 | «1.215
25,000 | 10.181 | 25.000 | -1.236
29,167 | 10.692 | 29.167 | -L.264
334333 | 10,972 | 33.333 | -1.304
375500 | 11,036 | 37.500 | =1%350
L1667 | 10.848 | Ur.667 | -1.399
45,833 | 10.357 | 45.833 | ~1.U34
504000 Y.549 | 50,000 | ~1.h17
54,167 8.394 | 5,167 | -1.472
58.%33 | 7.150 | 58.333 | -1.L68
62,500 | 5.933 | 62,500 | ~1.450
66,667 4,800 | 664667 | -1.433
- 764833 | 3.750 | 70.833 | ~1.392
754000 /| 2,808 | 75,000 | -1.333
79:167 | 1.983 | 795167 | ~13233
834333 | 14300 [ 83.333 | -1.083
. 87,500 <733 | 87.500 ~.900
91.667 «325 | 91,667 | ~.658
1 '95.833 +083 | 95.833 -+358
100,000 0 - }100.000 0




TABLE I

AIRFOIL-SECTION ORDINATES - Continued

L. E. rodius: 1l.u42

NACA 5=H=15 NACA 6-H-15
Upper surface Lower surface Upper surface Lower surface
Station |Ordinate |Station. |Ordinate Station |Ordinate|Station |Ordinatel
0 L0 0 .0 0 0 0 0
.192 1.225 . 808 -.881 | 097 [ 1.252 .903 | ~.788
1409 1.501 1.091 | -1.015 «302 1.552 1.198 -+896
.861 1.973 1.639 | =1.225 | <730 2.068 1.764 | ~1.064
2.040 2.899 2.960 | -1.599 1.889 3.090 3.111 | -1.334
L.u76 4,294 5.524% | =2.080 4,300 4.647 5.700 | =1.659 |
6.953 54390 8,047 | ~2.h22 6.768 5.878 8.232 | ~1,872
9.L5Y4 6.311 10.54% | -2.685 . 9.267 | 6.919 | 10.733 | =2.023
14,492 7778 15.508 | ~3.090 ° 14317 8.575 | 15.683 | ~2.251
b 19,565 g.90L 20,435 | -3.394 19.41Y% 9.855 | 20.586 | —2.417
. 24,663 9,734 25¢337 | ~3.626 | 24546 | 10,796 | 25.454 | =2.550
- 25.782 | 10.331 300218 | ~3.81C | | 29.706 | 11.468 | 30.294 | ~2.676
34.922 | 10.709 35,078 | ~3.993 34895 | 114883 | 35.105 | —=2.817
40,090 | 10.841 | 39.910 | =-U4,123 | | 40.121 | 12,017 | 39.879 | =2.9%
45,291 4 10.708 U4,709 | ~4.250 ©u5.392 | 11.83% | L4.608 | -3.116
‘50.635 | 10.171 49,355 | ~U.3AL 504855 | 11.168 | 49,145 | =3.310
554759 9.275 Eheoly | ~L.u5Q 556.020 | 10.084 | 53,980 | =3.582
60.772 £.193% 59.228 | ~L.547 L 61.035 8.794 | 55.965 | —3.872
65.703 6.955, 6U.297 | —U.5NL | 1 65.943 | 7.343 | 64.05T | -L.085
70.575 [ 5.658 | 69.425 | ~h.h2b 70.772 | 5.848 | 69,228 | ~M.1glk
75.400 4,356 74600 | ~U.166 75.533 o374 | 74 u62 | -L.118
80.157 3.098 79.843 | ~3.656 §0.211 2.998 | 79,789 | =3.762
84,996 2.003 | 85.00% | ~2.793 S, 994 1.865 | 85.008 | =2.931
89.968 1.037 90.032 | ~1.593 | | 89.957 .980 | 90.043 | -1.798
. 94,983 372 95.017 | =.656 ML.977 322 | 95.023 ~.706
100.000 | O 100,000 | O 100,000 | O 100,000 { ©
. L. B. radius: 1l.h42
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TABLE I

!

? D ~ - AIRFOIL-SECTION ORDINATES - Concluded
% NACA 23015
Upper surface Lower surface
Station | Ordinate Station | Ordinate
0 ——— 0 )
1.25 a. 4 1.25 --1,54
| 2.5 oLl 2.5 ~2.25
| 5.0 5.89 5.0 ~3,04
j 7.5 6.90 7.5 ""3061
; 10, 764 10 ~4,09
15 8452 15 =l4.84
20 8.92 20 =5 41
25 9.08 25 ~5.78
30 9.05 30 ~5.96
40 8.59 4o ~5.92
50 774 50 ~5.50
60 6.61 60 ~4,81
70 Fe2h 70 ~3.91
80 373 80 ~2.83
| 90 2.04 90 -1.59
% 95 l.12 95 -.90
: 100 (.16) 100 (=e16)
100 ——rea 100 0
L. E. radius: 2.48. Slope of radius
| through end of chord: 0.305




TABLE II

AIRFOIL SECTICH CHARACTERISTICS

) =
Aerodynamic *
Reynolds Low-— t/c at Reynolds |[Critical o ‘ oenter ‘
Airfoil (Cl/cd) mumber, Cp drag (t/c)max -/ foa“ cy number, Mach cq (?ord (percent o
mex 2 8:Ce lpopge x/c=0.25 max R number in.) ahead of
c/W)
- 0.55
NACA - . ?
1_H215 215 2.60x10°% | -0.052] to | 0.1486 | 0.1282 {1.29 [2.60x10% | 0.58 |0.53| oY 0
1.05
HACA e . |05 | ; .
2515 168 2.67 -0.029) %5 @ L1486 | .1282 {1.29 |2.39 56 | W70 2k 0
0,87 |
1
A 0.3¢ | )
N \
NAGA 1 963 {2.60 0.003] to | .1352 | .1208 |1.20 |2.9Y4 56 | 60| 26.6 0
3""1—13") ! B.88 H -
J jO2O '
o
NACA 8 oo 057 e \ . )
ME12.L i . I—0.010 1U80 .1239 Jd1d2 11.30 {2.60 .55 65| 28.8 -1.70
Milh . ! 0.16
abs 131 2.67 P 0,002 to .1500 1339 | 1.14 je.67 .60 Lo ok 0
P 5 0,77
.i ?
|
NACA . ! 0430 R
615 143 2.58 0 Ob;u .1500 .1339 | 1.17 i2.h42 57 59 | 2k 0
HACA 101 2.60 ~0.005 |-~ | .1500 | .1486 |1.52 {2.50 54| .50 |24 1.25

23015
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Section lift coefficient, cy

Figure 2.- Lift-drag polar for NACA 1-H-15 airfoil section.
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CONCLYDING REMARKS

r=—==- .- New ailrfoil sectlons that have small or zero pitching-

moment coefflcients and high l1ift-drag ratlios have been
developed and tested. With sections having pitching~moment
coefficlents close to zero, maximum section lift-drag
ratios that were almost twice as great as.those which have
been attained on sections of the NAQCA 230-gerles airfoils
were attained in the Reynolds number. range from 1,7 X 108
to 3.2 x 10° The new airfoil sections, because of their
small pitching moments and low profilerdrag coefficients

at moderate 1lift coefficlents, may be sultadle for use on
the rotor blades of rotatling-wing. ailrcraft. It 1s desir-
able, however, that some of theps sectlions be tested on

a full-scale rotor to observe thelr characteristics in
actual rotor use and to determing whether certein undesir-
able characteristics, such as sengitivity to surface rough-
nese and change in pitching moment, which were noticea in
the tunnel, have a serious effect when the sections are
applied to rotor bledes.

Langley lMemorial Aeronauticel Laboratory,
Natlonal Advisory Committee for Aeronautics,
Langley Fleld, Va.
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